SUMMARY Adaptation to exercise was investigated in 14 men aged 34-69 years (mean 51) with stable exertional angina caused by occlusive coronary artery disease. All underwent exercise electrocardiography to symptom limitation according to the Bruce protocol (first effort), and exercise to the onset of angina (warm up) followed by four minutes' rest, followed by exercise to symptom limitation (second effort). This protocol was repeated after sequential treatment for one month each with nifedipine 10mg three times a day and with timolol 10mg twice a day. Warm up significantly increased walking time to the onset of angina by 34-5% and to maximal exercise by 29-5%. The heart rate and rate-pressure product were significantly higher on second effort both at the onset of angina (by 7 0 % and 11 1% respectively) and at maximal exercise (by 10 5 % and 15A4% respectively). ST segment displacement was not significantly different after warm up. The effect of warm up on walking time to the onset of angina was markedly reduced after treatment with nifedipine but little influenced by timolol. Mean (SE) walking time after warm up on no treatment was 10 1 (0 7) min; after treatment with nifedipine it was 10 0 (0-6) min and after treatment with timolol it was 9-7 (0-4) min.
Heberden first described the loss of symptoms with continued exercise in a patient experiencing angina.2 It has been variously described; by Osler as "walking through"3 and by Wenckebach as the "second wind".4 Gallavardin recorded the "warming up" effect of previous exercise in angina pectoris5 and Price described the phenomenon as "first effort angina".6 Gallavardin claimed it was not an uncommon phenomenon' but others have been unable to demonstrate it.7 Wayne and Gaybriel described two patients whose exercise performance was enhanced when they re-exercised between five and 30 minutes after an attack of angina, the effect being lost when the interval was one hour.8 Exercise performance A preliminary report of this work was presented to the Third Joint Meeting of the Working Groups of the European Society of Cardiology, Spa, Belgium 1983.1
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Although the effects of physical training on exercise performance in angina pectoris have received attention9 10 studies of short term adaptation to exercise are limited.8 1 152
Patients and methods
PATIENTS
We studied 14 white men aged 34-68 (mean 51) with a 6 month history of stable exertional angina. Fig8 The rate-pressure product (mm Hg x beats/min) on no treatment at the thresholdfor angina onfirst effort was similar to the product at the same walking time on second effort (p > 0 15). On second effort the rate-pressure product at the maximum walking time achieved during thefirst effort was increased (p < 0-05).
Discussion
In previous studies of patients with stable exertional angina performance did not improve on repeated exercise testing after 10 to 15 minutes' recovery,14-16 and a pause of 1-2 minutes also had no beneficial effect.7 By contrast, in our subjects walking time was substantially improved when a first effort to the point of angina was followed by four minutes' recovery. Heart rates and rate-pressure products were also higher on second effort, suggesting increased myocardial oxygen consumption. ' after warm up, it may be inferred that the increase in heart work was not accompanied by increased myocardial ischaemia.'4 Coronary blood flow is closely related to myocardial oxygen demand'8 and coronary reserve is progressively diminished by stenosis of a major coronary vessel.'9 Sllght variation in the calibre of a stenosed vessel has a major effect on blood flow20 and may explain the variable exercise performance of patients with vasospastic angina.2' A metabolically mediated vasodilatation of stenosed epicardial arteries could provide one explanation for our observations. Nifedipine largely abolished the effect of warm up, and walking time to angina on second effort was increased by only 4%. Yet at maximal walking time, heart rate and rate-pressure product were not significantly different from those achieved without medication after warm up; the favourable action of Fig9 STsegment depression (mm) on no treatment at the thresholdfor angina on first effort was greater than at the same walking time on second effort (p < 0-025). ST segment depression at maximal exercise on first effort was also greater than that at the same walking time on second effort (p < 0 01). 120 Joy, Cairns, Sprigings nifedipine and the warm up effect may thus share a common mechanism. The pharmacodynamic effects of nifedipine are several and their net haemodynamic result is modified by peripheral circulatory reflex activity. Systemic administration of nifedipine at rest leads to a fall in total peripheral resistance and in coronary vascular resistance, with an increase in coronary blood flow. The reduction in afterload is to some extent buffered by reflex tachycardia and peripheral vasoconstriction.22 Early exercise data suggested that nifedipine enhanced exercise capacity by a relative reduction in myocardial oxygen uptake (expressed by a lack of increase in the double product with increased performance) rather than by an increase (which would have been expressed by an increase in the double product). A recent study of patients with exertional angina who had isolated disease of the left anterior descending coronary artery showed that myocardial ischaemia was less during the second of two identical periods of pacing stress separated by 5-15 minutes.37 Peak coronary flow, however, was not significantly different during the second period but regional myocardial oxygen consumption was reduced; the authors attributed this result to an ischaemic faIl in contractility. Although this result does not support the suggestion that the warm up effect is due to coronary vasodilatation, it should be noted that their patients were not paced to a high rate-pressure product or to the same degree of ischaemia on the second occasion.
The warm up effect may be demonstrated objectively in the exercise laboratory, although its exact time course has yet to be defined. Our observations seem to favour coronary vasodilatation as the mechanism for this effect. It is not known whether a local metabolic, hormonal, or neurogenic pathway is responsible. The possibility of a contribution from a reflex reduction in afterload cannot, however, be discounted. Given the similarities between the warm up effect and treatment with nifedipine, it is noteworthy that nifedipine has been reported to be effective in relieving ischaemia only in myocardium supplied by a stenosed (but not occluded) vessel. 38 The relation between the warm up effect and coronary anatomy remains to be established.
